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Outline
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1. Concept of Spin Transparency (ST) method

2. Spin Navigators based on weak solenoid and 

dipole fields

3. Possibilities of experimental verification of ST 

mode in existing synchrotrons

4. ST mode for high precision experiments

5. ST method at ultra-high energies

6. Conclusion
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Motivation
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üExperiments with polarized beams have been and remain a 

crucial tool in understanding particle and nuclear structure 

and reactions from the first principles

üKnowledge of the spin orientation is necessary for a 

complete description of the dynamical particle state

ü Polarized beams enable search for new physics beyond the 

Standard Model with high-precision 

üStudy of the nucleon spin structure is one of the main goals 

of the modern nuclear physics 

We present the Spin Transparency methodfor precise control 

of the longitudinal and transverse polarizations in colliders and 

storage rings
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Spin Transparency (ST) method
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The ST concept is based on the use of a ring structure where the 

magnetic elements return an arbitrarily-directed spin to its 

original orientation after a single particle turn around the 

collider, i.e. the structure is transparent to the spin.

In the ST mode, the particles are technically in the region of a spin 

resonance (ST resonance) where the spin motion is highly 

sensitive to small perturbations in magnetic fields. This allows for 

flexible control of the polarization direction by Spin  

Navigators (SN) based on weak fields. 

For stability of the spin dynamics, the spin effect of the 

navigator fields must significantly exceedthat due to 

imperfections and misalignments of the collider elements as 

well as the effect due to the orbital beam emittances.
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Examples of ST rings 
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A figure-8 ring provides ST mode 

at arbitrary energy for any particle 

species. 

A racetrack ring without snakes provides ST 

mode at certain energies corresponding to 

integer spin resonances.

COSY (FZJ), Nuclotron (JINR) -protons

RHIC (BNL) - deuterons.

A racetrack ring with two identical 

Siberian snakesprovides ST mode at 

arbitrary energy

NICA(JINR) - protons, deuterons 

RHIC (BNL) - protons.

Snake

Snake

ⱨ ♬╖ ▓

ⱨ
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Spin Navigator based on two weak solenoids
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ⱴ◐ ♬╖♪is the spin rotation angle between the weak solenoids,  

♪is the orbit rotation angle between the weak solenoids,

is the desired angle between the spin and beam velocity in the colliderôs plane

A field integral of up to 10 Tẗm is sufficient to control proton and deuteron

polarizations in the momentum range of up to 100 GeV/c

For maintaining the navigator tune, the required field integrals of the 

solenoids grow proportionally to the beam momentum

╫ὂ╛◑

╫ὂ╛◑

•

╫◑ȟ╫◑ are the SN solenoid fields,

║ⱬis the magnetic rigidity,

ⱨἶἩἾis the spin navigator tune,
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Spin Navigator with two helical magnets
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The net spin rotation axis of a helical magnet with a small field integral is 

practically longitudinal. This allows for replacement of solenoids with 

helical magnets in SN designs for high energies

ⱨἶἩἾ Ȣ ȡὒ = 0.5m, ὒ = 1.5m, ὒ = 3.1m, ὄ = 0.3T, ὄ = 1.0T  

A transverse field integral of 1.8 TĿmper magnet is required 

independent of the beam energy for ’ = 0.01 . 

The transverse closed orbit deflection does not exceed 2 mm at 20 GeV/c
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ST Resonance Spin Field

The ST resonance spin field

   ȟ

Å the coherent part of the ST resonance field   is related to 

magnet imperfections and misalignments

Å the incoherent part of the ST resonance field  has to do 

with betatron and synchrotron particle oscillations and is 

proportional to the orbital beam emittances 
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The field ⱷἫἷἰdoes not lead to depolarizationof the beam. 

It only coherently rotates the spins about an a priori unknown 

direction  by an angle ς“ .

In practice, the coherent part of the ST resonance strength ⱷἫἷἰ
significantly exceeds the strength of the incoherent part ⱷἭἵἱἼ

 Ḻ
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Spin Stability Conditions

The spin tune ’ induced by the SN must significantly exceed 

the ST-resonance strength 
’ ḻ
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In the ST mode at integer spin resonances, one must consider the 

constraints imposed on the navigator fields by synchrotron 

oscillations, which cause satellite resonances

Ӷ’ḳ ӶὋ Ὧ ά’ȟ  Ӷ Ў, 
where ’ is the synchrotron tune, Ӷis the relativistic factor averaged 

over the synchrotron oscillations, Ўis the energy spread, and ά is 

the satellite spin resonance number.

Implementation of the additional condition

’ ḻÍÁØЎ’ȟ’
overcomesthe effect of satellite resonanceson the spin dynamics.

HereЎ’ ὋЎis thespintunespread.
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Experimental verification of ST mode in RHIC
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ST mode at integer spin resonances
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Highlights from Conclusion

Å Use of the ST mode presents a unique opportunity to control the 

deuteron polarization in RHIC where application of full Siberian 

snakes and strong spin rotators is not practical

Å The proposed spin navigator is universal and can be used to control 

the polarizations of deuteron, proton and helium-3 beams in the 

ST modes of the existing and future machines such as NICA, EIC, 

EicC in China, and COSY in Germany
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Experimental verification of ST mode at COSY 
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